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ABSTRACT 
Pollution and the dispersion of pollutants are important issues in the environment of rivers and estuaries, being regarded as the 
major problems in utilizing the surface water globally. Environmentally speaking, the Gour Soozan Estuary suffers from a lot of 
problems. Arriving at a model for the dispersion of pollution and pollutant particles will therefore provide useful information for 
future studies in the field of environment and developmental activities in Bandar Abbas. Taking the available field data into 
account and using Delf3D numerical models, the present study has firstly contended with the hydrodynamic modeling of the 
estuary; and regarding the obtained hydrodynamic conditions, it has then conducted a two-dimensional modeling of pollution 
dispersion in the region. The results show that the dispersion of pollution in the cross-sectional area of the estuary has had a 
rising trend whose concentration gradient does not decline over time. With water flows advancing from the mouth of the estuary 
toward  its  end,  the  dispersion  and  transfer  of  pollutant  particles  will  decrease  due  to  the  reduction  in  the  range  of  tidal 
fluctuations. With releasing pollutant particles in the estuary momentarily, they will gradually leave the estuary through an 
oscillatory motion over time, being transported to the west of the Persian Gulf and endangering the environment in the west 
coasts of Bandar Abbas. 
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1. INTRODUCTION 
  Research on the quality of surface waters is particularly 
important, an  issue  which  will require  more attention  when 
sewage and urban or industrial wastewaters are released into 
to rivers or estuaries. If the mechanism for the transfer and 
dispersion of pollution is specified with different geometries 
in estuaries or rivers, one can plan for the reduction of the 
effects of pollution on public health them in human societies 
[1].  Generally, when a source of pollution is released into the 
water, it is quickly spread and transported as a result of the 
molecular  motion,  turbulence  and  non-uniformity  of  the 
velocity in the surface of water flows. Pollutants mechanism 
of dispersion and movement in water is an important aspect of 
environmental  studies  with  which  a  lot  of  researchers  are 
dealing  qualitatively  and  quantitatively  these  days  [2].  The 
Gour Soozan Estuary is one of the most important estuaries in 
Bandar Abbas, Iran, which has these days become much more 
similar to a sewage canal due to the discharge of urban sewage 
from  homes  and  settlements  [3].  Identifying  water  flows 
entering into this estuary and having a model predicting how 
pollution  is  dispersed  in  this  area  are  necessary  for  better 
management of financial resources and combating the spread 
of  pollution  in  the  region.  Although  the  importance  of  this 
estuary is clear for the people of Bandar Abbas, unfortunately 
no significant attention has been so far paid to hydrodynamic 
studies and how the pollution is spread in this area. Therefore, 
in order to get an overall view about the behavior of flows and 
pollution dispersion within the estuary, the above-mentioned 
region  was  simulated  with  Delft3D  numerical  model.  After 
preparing the input, the model was run and calibrated. 
 
2. HYDRODYNAMIC EQUATIONS AND THE 
GOVERING POLLUTION 
  Given The governing equations in two-dimensional 
models  are  mass  and  momentum  equations  which  are,  if 
utilized  in  a  two-dimensional  system  of  the  flow  in  a 
homogeneous layer of depth, numerically capable of modeling 
the levels and flows of the water in the tidal rivers and bays as 
well as coastal and harbor areas. Hydrodynamic modules in a 
three-dimensional model are based on the numerical solution 
of  the  incompressible  three-dimensional  equations  of 
Reynolds  averaged  Navier-Stokes  equations.  Moreover, 
Cartesian  and  cylindrical  coordinates  are  used  in  the 
horizontal range. Simulating the model of pollution is based 
on averagely measured equations in depth for the spread and 
dispersion pollution which are affected by the flow rate and 
concentration gradient [4].  
 
3.  MATERIALS AND METHODS 
 
3.1. Location of the plan 
The  Guor  Soozan  Estuary  runs  from  the  northern 
highlands in Bandar Abbas and after passing through urban 
areas  flows  into  the  Persian  Gulf.  This  estuary  is 
approximately 3500 meters long, with a width difference of 
5/71  meters  in  its  either  ends.  It  winds  very  slightly  and 
intersects with no canals in land. This region has the latitude 
and longitude of 56°30' and 27°54' respectively (Fig. 1) [3]. 
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Fig. 1.  A schematic view of the Gour Soozan Estuary in Bandar 
Abbas  
3.2. The Utilized Model 
  The Delft3D mathematical model is one of the most 
prestigious numerical models about marine phenomena. This 
computer program has been prepared by the Delft University 
of Technology, Netherlands. It is a numerical model based on 
the Finite Difference Method of solving equations. Regarding 
its  different  modules,  it  enjoys  the  capability  of  simulating 
hydrodynamic  behaviors  as  well  as  two-  and  three-
dimensional transporting. The module used for this study is 
the module Delft3D-Flow which can calculate unstable flows 
and transfer phenomena caused by tide, wind and pollution on 
a rectangular or curve grid [4]. 
 
3.3. The Range for the conduction of the model 
The scale and range of the model will depend on the 
location of the boundaries and border information. The Gour 
Soozan Estuary is closed from the north, east and west and is 
regarded as the dry border in the region. It, however, meets the 
Persian Gulf in the south which is the only wet border of the 
region. In the present study, a 1/2000 map by Iran’s National 
Cartographic  Center  has  been  utilized  for  developing 
hydrography and depth navigation of the region. After making 
a computational grid, digital points were inserted in the region 
and the three eastern, western and southern borders of the sea 
were considered as the open borders of the model (Fig. 2). 
Then using the interpolation function of Delft3D-QUICKIN, 
the whole region was covered. 
 
 
3.4. Information sources in the range modeling 
In order for the implementation and verification of 
the model, and due to the lack of field data collected along the 
estuary,  some  relatively  accurate  information  was  collected 
from  the  project  for  the  assessment  of  changes  in  the  east 
Persian  Gulf  coastlines  with  regard  to  the  Gour  Soozan 
Estuary being located in this region. Using MIKE21 software 
program, the data for this project were obtained within one 
month from 18.03.2011 to 18.04.2011 through 2-second steps 
and  with  a  Manning  roughness  coefficient  of  0.020.  This 
information  was  calibrated  with  field  data  of  the  flow  in 
Hormoz  Island  [5].  Information  obtained  from  this  project 
includes fluctuations in water level, flow rates, and the main 
harmonic  constants  in  the  desired  range.  In  this  modeling, 
harmonic  constants  were  obtained  from  three  points  of  the 
east, west and south of open borders and were given to the 
open borders of the model. The information about the flow 
rates  and  fluctuations  in  water  level  of  this  project  in  the 
modeled  area  was  considered  as  a  parameter  for  the 
calibration of the model. In order for utilizing the pollution 
factors  for  the  Gour  Soozan  Estuary  in  Bandar  Abbas,  the 
mean concentration of 1/36 kg/m
3 , adopted from the report on 
studies for determining the bed and confines, organizing and 
conducting the mapping operations and creating a GIS system 
in the flood-way of this estuary, has been used [3]. 
 
 
 
Fig. 2.  The computational grid used in modeling  
3.5. Numerical Parameters 
In  Delft,  the  time  step  which  is  a  function  of 
computational grid’s dimension and the flow rates is limited 
by Courant number. The threshold depth shows the resolution 
of  drying  to  wetting  algorithm,  and  the  latitude  is  here  for 
taking  the  Coriolis  force  into  account  in  the  model  [4]. 
Accordingly, a time step of 6 seconds for the stability of the 
model, the latitude 27 degrees and a threshold depth of 0.01 
meters, are the numerical parameters used in this research. 
3.6. Calibration of the model 
 
Bed roughness is shown by Manning value which has 
to be adjusted for each project. The recommended range for 
the Delft model is from 0.04 to 0.016. Because of the cement 
and  rocky  bed  of  the  estuary  and  grass  covered  banks,  a 
Manning’s roughness coefficient of 0.02 is considered inside 
the estuary according to the table prepared by Plan and Budget 
Organization of Iran [6]. The viscosity used in modeling is 5 
m
2/s.  Because  the  present  study  does  not  include  such 
processes as salinity or temperature, parameters of horizontal, 
vortical diffusion do not affect the calibration of the model. 
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4. IMPLEMENTATION OF THE MODEL 
After  applying  the  initial  conditions  on  the 
computational  nodes,  12  stations  with  different  geometric 
parameters  (Table  1)  were  considered.  The  hydrodynamic 
model of flows was run two-dimensionally for a one month 
time the period.  After testing  the flow rate  and water  level 
fluctuations at the first station, the two-dimensional model of 
dispersion was run momentarily and permanently so that by 
utilizing Delft3D, the manner by which pollutions are spread 
in the region is predicted.  
 
5. VERIFICATION OF THE MODEL 
Because of the first station’s proximity to the mouth 
of  the  Gour  Soozan  Estuary,  the  flow  rate  and  water  level 
fluctuations at that station were verified within a one month 
period  through  data  obtained  from  the  project  for  the 
assessment  of  east  Persian  Gulf  coastline  calibrated  by 
Hormoz Island field data. Figures 3 and 4 show some part of 
this verification. As evident in the figures, the flow rate of the 
periodic  location  of  the  modeled  information  is  almost 
identical  with  the  information  from  this  project  at  the  first 
station.  Consequently,  one  can  largely  trust  in  the  results 
obtained  from  modeling  of  the  Gour  Soozan  Estuary  from 
consecutive stations. 
 
6.  RESULIS  FROM  IMPLEMENTATION  OF 
THE MODEL 
 
6.1. Analyzing  the Hydrodynamic  Behavior in  the  Gour 
Soozan Estuary  
The  results  of  water  level  fluctuations  modeling  at 
consecutive stations showed that the range of fluctuations in 
water  level  decreases  as  water  advances  the  mouth  of  the 
estuary  towards  its  end.  For  example,  the  maximum  tidal 
range  at  Station  4  is  nearly  52%  lower  than  this  range  at 
Station 3, and at Station 5 it is 65% lower than the range at the 
mouth of the estuary (Station 3). In fact, it can be said that the 
friction  at  the  bed  which  dissipates  the  wave  energy  is  the 
reason for the decline in the range of tidal changes estuary at 
consecutive stations in this estuary (Fig. 5). With a height of 
1.55 meters from the bed of the estuary in comparison with 
the  base  balance  of  sea  level  (Station  8),  the  water  flow 
advances up to 600 meters in Gour Soozan Estuary. 
 
In  order  to  understand  the  flow  behavior  in  the 
estuary, a month after the implementation of the model it was 
shown  that  the  vertical  local  rate  of  fluid  particles  at  the 
estuary stations was very slow and even close to zero, while 
the horizontal local rate of fluid particles was significant (Fig. 
6). So, Gour Soozan is a shallow estuary in which the fluid 
particles  move only  under the influence of the direction  of 
flow. Due to the existence of tidal flows in the estuary, the 
flows entering this estuary can be studied as long waves. 
 
Through  analyzing  the  behavior  of  flows  in  the 
estuary in a 24-hour tidal period, it was shown that the pattern 
of flows in both low and high tides will be along the estuary. 
Based on tidal fluctuations in shallow parts of this estuary, 
here it takes much more time for the water to come up than to 
come down. As a result, the maximum flow rate during the 
low tide has a greater absolute value in flow rate during the 
high tide. For instance, at Station 3, the absolute value of flow 
rate in a tidal period is 0.08 m
2/s during a long low tide, while 
it is 0.02 m
2/s during a long high tide (Fig. 7). Therefore, the 
dominant  flows  in  the  Gour  Soozan  Estuary  are  high  tidal 
flows. 
 
6.2. Dispersion patterns within the estuary 
The manner of dispersion and transport of pollutants 
in the region was checked by Flow module of Delft3D. In this 
modeling,  the  only  factors  considered  were  tidal  flows  and 
such parameters as salinity, temperature and wind excluded. 
At the suggestion of the software, the diffusion coefficient in 
the tidal range was considered to be 100 m
2/s [4]. 
 
To study the behavior of pollutants in the estuary, the 
pollutant  particles  were  momentarily  released  at  an 
approximately  600  meter  distance  from  the  mouth  of  Gour 
Soozan, given that water advances only up to 600 meters in it. 
One-month  period  observations  showed  that  after  an 
oscillatory motion, pollutant particles come close to Station 6 
and do not exit the mouth of the estuary. In order for having a 
time view about the moment when the released particles at the 
600 meter distance from the mouth of the estuary are likely to 
exit, the modeling was once again conducted in 2, 3 and 4 
month  periods  and  it  was  observed  that  after  a  4  months 
period the pollutant particles will reach the mouth of estuary 
through an oscillatory motion (Fig. 8). 
 
With  releasing  pollutant  particles  at  a  300  meter 
distance  from  the  mouth  of  the  estuary  (Station  5),  it  was 
observed that after two month the pollutant particles exit from 
the mouth of the estuary and they are drawn to the west of the 
Persian Gulf (Fig. 9). 
 
Once again, the pollutant particles were released at 
the  mouth  of  the  estuary.  Observations  from  the  modeling 
revealed that after one month the pollutant particles enter the 
estuary due to tidal flows, but they mainly travel along the 
west Persian Gulf coastlines (Fig. 10). 
 
In  order  for  observing  the  pattern  of  pollution 
concentration dispersion in the estuary, 5 cross sectional areas 
perpendicular  to  the  location  of  the  each  station  were 
considered  (Fig.  11)  so  that  the  pollution  is  permanently 
studied.  The  permanent  dispersion  of  pollutant  particles, 
concluded  from  the  one  month  modeling,  revealed  that  the 
concentration  dispersion  in  the  middle  of  estuary’s  cross 
sectional area has a rising trend and its concentration gradient 
does  not  fall  over  time  for  reaching  its  maximum  amount. 
Because  of  being  exposed  to  more  tidal  flows,  pollution 
concentration  gradient  conversely  expands  more  quickly  in 
the  middle  of  the  stations  whose  cross  sectional  areas  are 
closer to the mouth of the estuary (Fig. 12). 
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Fig. 3.  Some part of the verification of the flow rate at station 1, calibrated with data from Hormuz Island’s project for 
changes in the east Persian Gulf coastline 
 
 
 
Fig. 4.  Some part of the verification of the fluctuations in water level at station 1, calibrated with data from Hormuz 
Island’s project for changes in the east Persian Gulf coastline 
 
 
 
 
 
 
 
 
Name of the spot 
Geometric parameters of the stations 
aligned position of 
stations compared 
with sea level baseline 
width of the estuary (m)  length of the estuary 
Station 1  –  3.32  –  – 
Station 2  – 1.12  –  – 
Station 3  0.40  74  mouth of the estuary 
Station 4  0.57  33  200 
Station 5  0.85  33  300 
Station 6  0.88  32  400 
Station 7  1  30  500 
Station 8  1.55  22  600 
Station 9  1.76  16  700 
Station 10  3.78  16  1000 
Station 11  4.78  18  1800 
Station 12  7.54  18  2600 
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Fig. 5.  the decline of the tidal range in consecutive stations over a period of 28 days  
 
 
 
Fig. 6.  the maximum vertical and Horizontal  local rate of fluid particles in a tidal range on 20/03/2011 at successive 
stations in the Gour Soozan Estuary   
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Fig. 7. The Flow rate along the Gour Soozan Estuary during a low and high tide within a 24-hour period at consecutive 
stations on 20/03/2011  
 
 
 
Fig. 8.  The motion of pollutant particles entering at the distance of 600 meters from the mouth of estuary  
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Fig. 9.  The motion of pollutant particles entering at the distance of 300 meters from the mouth of estuary within a 2-month period  
 
 
 
Fig.10.  The motion of pollutant particles entered at the mouth of estuary within a 1-month period 
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Fig. 11.  the considered cross-sectional area perpendicular to the estuary’s length I Gour Soozan  
 
 
Fig. 12.  a Comparison of pollution concentration distribution manners in the middle of the estuary’s consecutive 
stations’ cross sectional areas   
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7. CONCLUSION 
The  results  showed  as  water  advances  from  the 
mouth  of  the  estuary  toward  its  end,  the  amplitude  of 
fluctuations in water level decreases, that is, it faces a decline 
in the tidal range. This estuary is only influenced by tidal 
flows which follow the pattern of long waves and the flows 
dominating  it  are  of  low  tide  ones.  Because  of  molecular 
motions  and  non-uniform  flow  rates,  the  scrutiny  of 
permanent  pollution  dispersion  revealed  that  the 
concentration dispersion of the pollutants has a permanently 
rising  trend  and  pollution  concentration  gradient  does  not 
decrease. The more pollutant particles are exposed to tidal 
flows, the sooner they will disappear. Although the pollutant 
particles entering the estuary leave it after some time, they 
will travel along the west Persian Gulf coastlines and as a 
result endanger the environment in the west coasts of Bandar 
Abbas.  Based  on  the  obtained  results,  it  can  be  said  that 
purging  the  Gour  Soozan  Estuary  of  the  sewage  and 
preventing  domestic  and  industrial  wastewaters  entering  it 
are necessary because this estuary is located in the center of 
Bandar  Abbas  and  a  lot  of  commercial  and  recreational 
centers surround it. Due to the environmental aspects of the 
city and the need for creating of a tourist and recreational 
area and making clean banks around this estuary, this issue 
however  will  greatly  help  the  economy  and  the  beauty  of 
Bandar Abbas. 
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